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3 NH4+-N
NH3
NH2Cl NH3
Bioassay AOD
pH
4 2009
pH
2010
2014
40mm  2006  2002
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Bioassay
50% LC50
24 48 96 LC50
 1980
AOD
pH
 1980
10psu
2009 2 6
2 1t
1 2 3
16 1 100L
IC 200 GEX
18 1 1 2 3
5%
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2009 10psu
2010 1 14
600L
100L 2
75 Tetra
SUPER ACE
EX-10 10
m 2 1 100L 600mm
300mm 360mm
APN-057R
910mm 1,350mm
Rio+ 90 IC
18 1
100L 2 1 1 pH
NH4+-N 2.5mgN/L
500L 1 1
pH
2014 1 9 10 10psu
1
3t
PCF-200A
1 2 3 13 16
600L
S-1
TC-101 IWAKI PUMPS
17 1
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NH4+-N
NH3 3
3
10 m 10 10
1000% 1000% 4
560% 320% 180% 100%
1000% 320% 100%
2
100L 100L
600L
1,350mm
910mm
300mm
600mm
95%
RE200
10
NH4+-N
AA
1L
100mL
1000%
CS BLTEC
4
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2L
CLH400
80mL
NH4
1L
+-N
-15
100mL
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100
0 nC
CA nn
nA n %
nC n NH4
+-N mgN/L
0C NH4
+-N mgN/L
n n
pH AOD
pH 3 6
 1980
560% 320% 420% pH
pH 0.1mol/L NaOH HCl
6.00 9.00 7.83 3
6.00 9.00 7.84 3
2010 1 19
2010 1 27 29 NH4+-N
pH pH HM-30R
3 Anthonisen NH3
NH4+-N pH
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pH NH3
NH4Cl
NH3
pH NH4Cl
NH3
pH 2.96mgN/L 3.5mgN/L
4 2.0 1.1 0.63mgN/L pH 0.1mol/L
pH8.15
2010 3 14 2010 3 17 19
NH4+-N pH pH
3 Anthonisen NH3 NH4+-N
pH
NH2Cl
NH2Cl 1/10
 2010
2 NH2Cl
NH2Cl NH3 NH3
NH2Cl
NH3 NH3
NH3 NH2Cl
NH2Cl 0.015 0.035 0.065mg/L NH2Cl
NH3 6 3 NH3
1.2mgN/L 0.68
0.38 0.21 0.12 0.068 0.038mgN/L 6
NH3 NH4Cl NH2Cl 7%
NH4Cl NH4+-N NH2Cl
UVmini-1240 SHIMADZU p
DPD  2002  2010
NH2Cl 0.02mg/L NH2Cl
10
WTW
NH3
200
1 2
pH
NH4+
9
835mm
3 6 12
IC
-N
1L
535mm
18
24 48
1
NH2Cl
pH pH
pH
187
1
18 1
4
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0
D
pH
mm
1
O
340i WTW
150m
1
0
DO
m 92m
7
NH4+-N
Mul
m
ti3410
NH2Cl DO
0.02mg/L
0.068
17 1
1
NH2C
mgN/L
NH
10L
7
l
NH2Cl
0.0
DO
4
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2Cl
DO
65 0.083
NH2Cl
1 2
1650mm
1
1 2 3
NH
0.14mg/L
N
50mm
900mm
2
6 12 24
2Cl
3
H2Cl
250mm
48
NH2Cl
NH
NH3
3
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NH4+-N
NH4+-N
10 4.3
70% 66%
180% 24 1
1000% 560% 320% 48 7 180%
2 1 1000%
3 320% 100%
24 1
4- 73 - 
pH pH
48
1 2
pH 6.00 7.83 9.00 pH
420% pH 8
420% 48
2 6 7 pH
pH NH3 pH
NH4+-N
pH NH4+-N NH3
pH 420% NH3 2
7 pH NH3
1
NH3 0.18mgN/L
4- 74 - 
pH NH3
NH4Cl pH 8.05 8.24
NH3
pH NH3
0.18mgN/L
0.03mgN/L NH4Cl 7
NH3 3.66 1.88 1.20 0.44mgN/L 2 6 24 48
NH3 0.26mgN/L 2
1
pH
NH3 12 24 48
2
100% 0% 14
86% 1 6
NH3
NH3 R2
0.84 t P<0.05
12 24 48
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y=93.8ln(x)+190
R²=0.93
y=38.7ln(x)+63.1
R²=0.99
0
20
40
60
80
100
0.1 1 10
NH3 mgN/L
48
y=61.3ln(x)+127
R²=0.99
y=36.7ln(x)+59.0
R²=1.00
y=46.2ln(x)+92.5
R²=1.00
0
20
40
60
80
100
0.1 1 10
24
y=56.7ln(x)+112
R²=0.84
y=32.5ln(x)+50.9
R²=0.88
y=39.9ln(x)+70.3
R²=0.98
0
20
40
60
80
100
0.1 1 10
12
pH
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NH2Cl DO 48 NH2Cl 100%
NH2Cl 48 65%
DO 48 89%
pH NH4+-N NH3
NH4+-N pH NH3
0.21mgN/L
NH2Cl NH3 48
NH2Cl NH3 t
P<0.05 NH2Cl 0.015 0.035 0.065mg/L NH3 48
0.25 0.22 0.10mgN/L NH2Cl 0.015 0.035mg/L
0.065mg/L
0
20
40
60
80
100
0 10 20 30 40 50
2
0.065mg/L 0.083mg/L 0.14mg/L DO
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y=65.1ln(x)+141
R²=0.98
y=49.9ln(x)+126
R²=0.90
y=55.8ln(x)+177
R²=0.94
0
20
40
60
80
100
0.01 0.1 1
NH3 mgN/L
0.015mg/L 0.035mg/L 0.065mg/L
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180% 1
1000% 180%
1000% 7
1
NH4+-N 10
pH NH3
NH3
NH3 48
0.24mgN/L pH 3
0.71mgN/L pH
NH4Cl
NH3
NH3 NH3
2009
NH3 8.0
10-4mgN/L pH
NH3 0.18mgN/L
NH3 0.06mgN/L 0.03mgN/L
1991
100% 1
NH3
NH3 pH
NH3
NH3
NH3 48 0.24mgN/L 18
Robert 1983 NH3 96 0.16mgN/L
48 0.24mgN/L
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48 1/10
 1980
48 0.24mgN/L 1/10 0.024mgN/L
NH3 1997
0.02mgN/L
NH3 0.024mgN/L
NH2Cl 48 65% 0.065mg/L 0.14mg/L
NH2Cl 0.015mg/L 0.035mg/L 65%
DO 90%
90% DO DO
NH4+-N pH
pH NH4Cl
pH NH3
NH2Cl
0% 100%
2010 NH3
NH3
0.02mgN/L NH3
4 10-4mgN/L
NH3 NH2Cl 0.015mg/L 0.035mg/L
NH3 NH2Cl 0.035mg/L
NH2Cl NH3
NH2Cl 0.015mg/L 0.035mg/L 48 0.25mgN/L
0.22mgN/L NH3 48
NH3 48 0.24mgN/L
NH3
NH2Cl 0.065mg/L NH3 48 0.10mgN/L
17 NH3
NH2Cl 0mg/L NH2Cl
0.015mg/L 0.035mg/L 3 NH4+-N 48
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NH4+-N P<0.05 NH4+-N
3.4 27 29mgN/L
10 1 NH2Cl
NH3
0.24 0.25 0.22mgN/L
NH4+-N NH3
NH4+-N
NH3
y=85.1ln(x) 54.4
R²=0.92
y=49.8ln(x) 118
R²=0.98
y=39.3ln(x) 78.8
R²=0.92
0
20
40
60
80
100
1 10 100
%
NH4+N mgN/L
NH2Cl 0.015mg/L NH2Cl 0.015mg/L NH2Cl 0.015mg/L
y=96.3ln(x)+193
R²=0.94
y=65.1ln(x)+141
R²=0.98
y=49.9ln(x)+126
R²=0.90
0
20
40
60
80
100
0.01 0.1 1
NH3 mgN/L
NH2Cl 0.015mg/L NH2Cl 0.015mg/L NH2Cl 0.015mg/L
4- 81 - 
pH
NH3 NH3 48 0.24mgN/L 18
1/10 0.024mgN/L
NH3 NH4+-N
NH3
NH4+-N NH3
NH2Cl 0.035mg/L
NH3 NH2Cl
0.065mg/L NH3 48 0.24mgN/L
0.10mgN/L 17 NH2Cl NH3
4- 82 - 
Robert V. Thurston and Rosemarie C. Russo 1983 Acute Toxicity of Ammonia to Rainbow Trout
Transactions of American Fisheries Society 112 pp.696-704
2002
27 4 pp.623-626
2006
5 pp.179-185
1997
pp.143-148
1991
39 4 pp.353-362
2010
59 2 pp.109-115
2002
68 1 pp.61-71
1980 pp.377-514
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4
NH3
NH3 2001
Uchida et al. 1990a Tsukamoto et al. 
1990a  1998 NH3 NH2Cl
3
2011
2014
60mm
10psu
20 30mm
2,000L 2
500L
1 2
13 16 5
IC 200 GEX
18±1
   
5
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1/5 0.8g
2014 2 21 3,000L
600L
PCF-200A
1 2 3 13 16
2 Ti
1000W HC-100 IWAKI 
PUMPS 18±1
105
72 30cm
2 100L
20L/min
2011 3 1 9 10
20
20
5 10
17 2
20 IC 18±1
4 NH3 48 0.24mgN/L
0.30mgN/L
 1980 4 0.17 0.095 0.053mgN/L
NH4+-N NH4Cl
AACS BLTEC
pH pH 7.25 1mol/L NaOH
1mol/L HCl pH Multi3410 WTW
3pH
pH
5
NH4+-N
An
4
9.86m
- 85 - 
thonisen
250mL
gN/L 60
NH4+-N
NH3
0.15
1
NH4+-N
mgN/L
72cm
1cm
2011
17
30
IC
5
25cm
1
SUP
3 14
9
1cm
70mm
975
ER ACE
9
18
17
16
5
18 1
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5cm
60mm
6
0%
NH3
105 72
0cm/s
DO
0.30 0.17
30cm
35L/min
9 16
5
0.095 0.
100L
50 7
5
7
053mgN/L
0cm/s
cm
5cm
NH2C
IWAK
0.051
l
I PUMPS
2014
9
NH
0.30 0.17
4
DO
0.085 0.
16
5
3 8
18
15
300W
18 1
2Cl
0.095 0.0
15mg/L 3
NH2Cl
NH2C
NH3
NH3
14
5
0.015 0.02
53 0.030
9
18
- 87 - 
l
NH2C
DO
IC
5 0.035mg
0.017mgN/L
NH2Cl
DO
NH2Cl
NH3
l
9
30
/L
4
16
9
16
DX-003
NH3
DO
RSD-40
7
GEX
5
NH2Cl
18
A
18
   
5
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HDC-SD5 Panasonic
5 15 10
2 Image Tracker PTV
1 10 10 6000
1 20
10
   
5
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pH NH4+-N NH3
NH3 0.055 0.094 0.18 0.30mgN/L
10 16%
76-84%
pH NH3 NH4+-N
± N=8 4 × 2
0.18mgN/L 45 49% NH3 0.30 mgN/L
68% 0.055-0.30mgN/L
P>0.05
   
5
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NH3 0.30mgN/L a 0.094mgN/L b
810 960cm2 NH3 0.055mgN/L
830cm2
NH3 0.30mgN/L 1,500cm2
6,000cm2 1/4 NH3 0.30mgN/L
1,500cm2 0.055mgN/L 0.094mgN/L
P<0.05 NH3
R2=0.99 P<0.01
   
5
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pH NH4+-N NH3
pH 17.8 18.3 7.21 7.25
NH3
N 5
NH3 0.33mgN/L
150 20
150 0.19mgN/L 0.33mgN/L
P<0.01 NH3
0.33mgN/L 20
P>0.05
2.9
4.5mm 0.34 0.62g
   
5
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NH2Cl DO
NH2Cl 100% 14
NH2Cl 80% 8 60%
DO
87% 100%
0
20
40
60
80
100
120
0 5 10 15 20 25
0.051mg/L 0.085mg/L 0.15mg/L DO
   
5
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NH2Cl pH NH4+-N
NH3
NH2Cl NH3 0.095mgN/L
pH 7.6 pH7.64 pH
NH3 0.17mgN/L 0.30mgN/L pH
7.5 7.4 NH4+-N NH3
NH2Cl 0.015mg/L NH3
0.34mgN/L 150 NH2Cl
0.025mg/L NH3 0.17mgN/L 42
150
   
5
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N 5
NH2Cl NH3
NH3 NH2Cl
NH2Cl 0.035mg/L NH3 0.054mgN/L a 0.030mgN/L b
NH3 0.095mgN/L NH2Cl 0.015mg/L
1 0.025mg/L 2 0.035mg/L 3 NH2Cl
0.015mg/L NH3 0.34mgN/L NH2Cl
0.015mg/L NH3 0.16mgN/L 0.054mgN/L
NH2Cl 0.025mg/L NH3 0.17mgN/L 0.098mgN/L
NH3 NH2Cl 0.035mg/L
0.017mgN/L 0.030mgN/L 0.054mgN/L 0.11mgN/L
NH3 0.030mgN/L 0.054mgN/L
65% 19% 0.015 0.035mg/L NH2Cl
NH3 NH3
NH2Cl NH3
0.030mgN/L NH2Cl mg/L 0.035mg/L NH30.025
0.053mgN/L NH2Cl mg/L 0.025mg/L0.015 NH2Cl
NH2Cl
0
20
40
60
80
100
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
NH3 mgN/
0.015mg/L
0.025mg/L
0.035mg/L
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 2004
1963
 1996 Tsukamoto et al. 1990b Uchida et al. 1990b
Fukuda et al. 2011 3.3cm/s
180cm2 60cm 3cm 40L/min
3.7cm/s
NH3
NH3
   
5
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NH3 0.30mgN/L
DO 85%
100% DO
NH2Cl
NH2Cl
NH2Cl 60%
0.015 0.025 0.035mg/L
NH3 NH2Cl
NH2Cl
0mg/L NH2Cl NH3
NH2Cl R2 0.9
t P<0.05 NH2Cl 0mg/L NH3
NH3 48 0.24mgN/L 4
36% 150 20 NH3 0.33mgN/L
130 46
48 0% NH3 0.12mgN/L 51%
   
5
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NH3
5cm
tendency ability 2
Tsukamoto et al. 1990a Tsukamoto et al. 1988
Tsukamoto et al. 1990b Tsukamoto et al. 1988
NH3
0.055mgN/L
NH3
4
NH2Cl NH2Cl
NH3
50% NH3 NH2Cl 0.015 0.025 0.035mg/L
0.087 0.067 0.037mgN/L NH2Cl
0.015 0.035mg/L 48 0 4.8% 21 1
NH3 0.11mgN/L 4 NH2Cl 0.015
0.025 0.035mg/L 42 31 3.6% NH2Cl 0.035mg/L
61 5.7mm 60 3.3mm 2.2
0.74g 1.9 0.32g
2
22
NH2Cl 0.015mg/L NH3 0.16mgN/L
21% 31 NH2Cl 0.015mg/L NH3 0.17mgN/L
24 0% 48 29% NH2Cl
0.035mg/L NH3 0.11mgN/L 21% 32
   
5
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NH2Cl 0.035mg/L NH3 0.11mgN/L 48 5%
NH3 0.19mgN/L 48 28%
60mm 40mm NH2Cl
NH3 NH2Cl
NH3 0.015mg/L
0.035mg/L NH2Cl
NH2Cl 0.035mg/L
NH3
0.035mg/L NH2Cl NH3
y=21.52n(x)+4.90
R²=0.98
y=34.4ln(x) 34.9
R²=0.98
y=39.3ln(x) 56.3
R²=0.93
y=42.4ln(x) 89.9
R²=0.900
20
40
60
80
100
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
NH3 mgN/
0mg/L) 0.015mg/L
0.025mg/L 0.035mg/L
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NH3 0.055mgN/L 0.30mgN/L
NH3
NH3 NH3
0.12mgN/L
NH3
NH2Cl 0.015mg/L 0.035mg/L NH3
NH2Cl
0.035mg/L  
NH3
NH3
NH3 NH2Cl
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Fukuda H Torisawa S Yamane T Takagi T 2011 Concernment of Rheotacic Reaction and 
Schooling Behaviour Traits of the Dwarft Sweetfish, Plecoglossus altivelis on a Capture Process 
of the Set-Net Eri Fisheries Engineering 48 2 pp.117-124
Tsukamoto K Aida K Otake T 1988 Spacing and Jumping Behaviour of Ayu Plecoglossus 
altivelis Nippon Suisan Gakkaishi 54 10 pp.1687-1693
Tsukamoto K Masuda S Endo M Otake T 1990a Behavioural Characteristics of the Ayu, 
Plecoglossus altivelis, as Predictive Indics for Stocking Effectiveness in Rivers Nippon Suisan 
Gakkaishi 56 8 pp.1177-1186
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Nippon Suisan Gakkaishi 56 9 pp.1383-1392
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3 pp.27-38
1996
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29 9 pp.817-821
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2004
70 3 pp.288-296
1980 pp.377-514
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2007 2009 2010
1
1
2 3
4.4km BOD NH3
1998 2009 BOD
3mg/L NH3
0.02mgN/L 1995 1997
2009
1.5km
NH3 10
3
6.5km
NH3 NH3 48
0.24mgN/L 18
1980 NH3 0.024mgN/L
NH2Cl 0.065mg/L NH3 48
0.24mgN/L 0.10mgN/L 17 NH2Cl
NH3 2009
NH3
3 4
NH3
NH3
2009 4 29
NH3 0.093mgN/L
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NH2Cl 0.015mg/L 0.035mg/L
NH3
NH2Cl 0.035mg/L
3 5
2009 NH3
1
2013
NH3
NH2Cl
0.044mg/L 2013
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1997
pp.143-148
1995 pp.3-5
1980 pp.377-514
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5
4
9
10
